Purpose Appendiceal tumors are rare, but high neoplasm rates have been reported at interval appendectomy after periappendicular abscess. Non-operative management of uncomplicated acute appendicitis has shown promising results. The data on appendiceal tumor incidence and presentation among acute appendicitis patients is limited, especially in patient cohorts differentiating between uncomplicated and complicated acute appendicitis. Objective was to assess appendiceal tumor incidence and tumor association to appendicitis in patients with uncomplicated and complicated acute appendicitis. Methods This nationwide population-based registry study was conducted from 2007 to 2013. The Finnish Cancer Registry and the National Institute for Health Registry were used to combine data on all appendiceal tumors and acute appendicitis diagnosis with medical reports evaluated at eight study hospitals. Results Altogether, 840 appendiceal tumors were identified, and out of these, 504 patient reports were reviewed, including 472 patients in this study. Tumor was diagnosed at appendectomy for suspected acute appendicitis in 276 patients (58%). In the whole study, histologically acute appendicitis and tumor were both present in 53% (n = 250), and out of these, 41% (n = 102) were complicated and 59% (n = 148) uncomplicated acute appendicitis. The associated tumor risk was significantly higher in complicated acute appendicitis compared with uncomplicated cases (3.24% vs. 0.87%, p < 0.001). Overall tumor prevalence among acute appendicitis patients was 1.24%. Conclusions Appendiceal tumor prevalence in acute appendicitis was low. Tumor risk was significantly higher in complicated acute appendicitis compared with uncomplicated acute appendicitis. The risk of missed appendiceal tumors related to antibiotic therapy of uncomplicated acute appendicitis is very low.
Introduction
The treatment paradigm of uncomplicated acute appendicitis may be changing as promising results with antibiotic therapy have been reported, and operative treatment may be unnecessary for the majority of uncomplicated acute appendicitis patients [1] [2] [3] . In order to optimize and tailor the treatment for acute appendicitis, precise and accurate diagnostic tools, such as computed tomography (CT) are required. As CT has high sensitivity in diagnosing acute appendicitis, it has become the golden standard in right lower quadrant abdominal pain differential diagnosis [4] . Uncomplicated acute appendicitis may also resolve spontaneously without even antibiotics, let alone surgery [5] . Non-operative management of uncomplicated acute appendicitis has also been shown to reduce treatment costs [6] . In cases of complicated acute appendicitis with a formation of a circumscribed abscess, the need for interval appendectomy after initial successful conservative treatment has also been questioned as the risk of appendicitis recurrence is quite low between 5 and 20% [7] . However, there are some more recent studies reporting an alarming rate of appendiceal neoplasms detected at interval appendectomy in patients with previous periappendicular abscess [8, 9] , especially regarding patients over the age of 40 years [8, 10] . Appendiceal tumors are rare, usually incidental findings most often detected at histological evaluation of the removed appendix. Appendiceal neoplasm rate varies from 0.7 to 2.5% of appendectomy specimens in several large appendectomy series [7, [11] [12] [13] . With the development of precise diagnostic capabilities like CT, appendiceal tumors may increasingly be suspected on CT [14, 15] . However, most of the CT signs related to appendiceal tumors are unspecific and preoperative diagnosis of an appendiceal tumor on CT can be obscured by signs of acute or secondary inflammation [14] . Appendiceal tumors are a heterogeneous group of diseases ranging from typical neuroendocrine tumors (NET) to adenocarcinomas, including all the varieties within this spectrum. The pathological classification and terminology of appendiceal tumors has undergone major changes over the last decades [16] [17] [18] . In addition, most studies on appendiceal tumors are retrospective case report compilations, further contributing to possible diagnostic, therapeutic, and also prognostic uncertainty related to neoplasms of the appendix. Further, the majority of appendiceal tumor data has previously been based on retrospective single-center studies of low patient numbers with limited generalizability. In an attempt to overcome these limitations, we assessed appendiceal tumors through a population-based study relying on combining the national cancer surveillance and surgical procedures data with actual patient medical records enabling assessment at both population and patient level. To our knowledge, there is only a limited number of recent population-based registry studies published on appendiceal tumors [16, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
The aim of this study was to evaluate both the incidence of appendiceal tumors among acute appendicitis patients and the possible tumor association to both uncomplicated and complicated acute appendicitis, using both national population-based cancer surveillance and surgical procedure data.
Methods
A nationwide population-based registry study was performed to assess all diagnosed appendiceal tumors in Finland from 2007 to 2013. This study was approved by the Turku University Hospital ethical committee. Diagnoses were categorized according to the World Health Organization International Classification of Disease year 2010 classification (ICD-10) [28] . The study population of appendiceal primary tumors was collected from the Finnish Cancer Registry (FCR), which is responsible for maintaining a nationwide database on all cancer cases in Finland. All hospitals and laboratories are required by law to provide the FCR with information on all new diagnosed cancers. The accuracy of FCR is very reliable as it covers over 99% of all solid tumors diagnosed in Finland. From the patient population diagnosed with a histologically proven appendiceal primary tumor, we collected hospital medical record data on patients treated at eight study hospitals: all five university hospitals (Helsinki, Tampere, Turku, Kuopio, and Oulu) and three larger central hospitals (Jyväskylä, Mikkeli, and Lahti). These eight hospitals were included in the study for practical data retrieving reasons in order to be able to collect adequate nationwide data, comprising the majority of the study population. The population of these study hospitals represented 70.1% (study hospital population 3,843,871/population of the whole country 5,487,308) of the whole population in Finland. In all patients, the medical record data collection included patient demographics, tumor diagnosis, related imaging and operative findings, tumor histology, and associated treatments. Operative findings and histological reports were reviewed, in order to reliably differentiate uncomplicated and complicated acute appendicitis diagnosis. Complicated acute appendicitis was defined as perforation or a periappendiceal abscess. Unclear cases were assessed by another senior surgeon with blinded evaluation. Some of the medical records were not available due to lack of common hospital district databases at the time of the study and patients with unavailable data were excluded from the study. All included patients had complete medical data records available and all patient information contained in these datasets was non-identifiable at analysis.
All eligible patients with available data were divided into three groups based on how the appendiceal tumor was diagnosed. In group 1, the appendiceal tumor was detected at or after (histology) surgery for suspected acute appendicitis (emergency appendectomy or interval appendectomy); in group 2, the appendiceal tumor was diagnosed at or after (histology) surgery performed for other indications (incidental appendectomy); and in group 3, the appendiceal tumor was diagnosed at preoperative imaging.
In order to assess the true prevalence of appendiceal tumors among all acute appendicitis patients, we collected information from the National Institute for Health and Welfare (NIHW) registry to gather data on both acute appendicitis diagnosis and appendectomies during the study period. Dates of admission and discharge, discharge diagnosis, surgical procedure, and demographic data of the patient are by law recorded in NIHW registry for every hospitalized patient nationwide. In analyzing the patients in the NIHW registry, no additional tumors not presented in FCR were identified underlining the almost perfect coverage of appendiceal tumors in the FCR database.
Statistical methods
The differences in background variables between the three groups (group 1: appendiceal tumor was detected at or after (histology) surgery for suspected acute appendicitis; group 2: at surgery performed for other indications; group 3: at preoperative imaging) were tested for a numeric variable (age) with one-way analysis of variance and for categorical variables using chi-square test. The risk of having appendiceal tumor was calculated using the chi-square test and odds ratio with 95% confidence limits. All of the statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 840 appendiceal primary tumor patients were identified from FCR database and 504 (60%) patients were treated in the hospital districts of the eight study hospitals. Altogether, 472 appendiceal tumor patients with available diagnostic and clinical data were included in this study (Fig. 1 ). In the whole study group, preoperative imaging was performed for 58% (n = 293/472) of the patients, and the main imaging modality (n = 231) was contrast-enhanced CT scan. Out of these 472 patients, the appendiceal tumor was diagnosed at surgery either for suspected acute appendicitis or interval appendectomy after primary conservative treatment of periappendicular abscess in 276 (58%) patients (group 1) at a mean age of 46 years, at abdominal surgery for other indications in 142 (30%) patients (group 2) at a mean age of 60 years, or at any preoperative imaging in 54 (11%) patients (group 3) at a mean age of 59 years. Detailed patient demographics, clinical and diagnostic findings, histology, and additional treatments according to these study groups 1-3 are presented in Table 1 .
Patients undergoing surgery for suspected acute appendicitis (group 1), 92% (n = 254/276) underwent appendectomy, and 7% (n = 20/276) underwent a more extensive bowel resection. The majority of the patients (87%, 241/276) underwent an emergency operation. Out of these 276 patients, 86% (n = 235) had acute appendicitis at histology resulting in a negative appendectomy rate of 14%. In group 1, 53% (n = 145) underwent diagnostic imaging, and none of the tumors were suspected on preoperative imaging. At surgery, a tumor was macroscopically suspected in 11% (n = 29) of the operations, and 12 of these 29 cases were interval appendectomies.
In group 2 undergoing surgery for other indications than suspected acute appendicitis, 77% (n = 110/142) of the patients underwent elective surgery. Out of these, 74 patients are for gynecological indications (72 for suspicion of a gynecological tumor and 2 for suspected pelvic endometriosis). In addition, there were four emergency gynecological operations due to suspected pelvic inflammation. Four patients undergoing elective surgery were diagnosed with a periappendicular abscess and complicated acute appendicitis at surgery and histology. Three out of these four patients were operated on due to suspicion of gynecological tumor and one for suspected caecal tumor. Out of the 32 emergency procedures in this group, seven of the patients had acute appendicitis at surgery and histology. In the whole patient group 2, 66% (n = 94) underwent preoperative imaging, and none of the appendiceal tumors were suspected preoperatively.
In group 3 with tumor suspicion on preoperative imaging, 91% of the patients (n = 49/54) underwent elective surgery. Out of all 54 patients, only four (7%) had acute appendicitis. In preoperative imaging, 74% (n = 40) of group 3 patients were accurately diagnosed with a tumor. In two patients, the imaging overestimated, and in nine patients, underestimated the tumor staging, when compared to operative and histological findings. In three patients, the disease was disseminated and no operation was performed, in two patients, appendiceal tumor histology was obtained by radiological tumor biopsy and in one patient at autopsy.
During the study period, there were altogether 19,976 patients with acute appendicitis diagnosis but without appendiceal tumor identified in the eight study hospitals, and the NIHW registry ( Fig. 1) resulting in an appendiceal tumor prevalence of 1.24% (p < 0.001) in the acute appendicitis patient population. There were altogether 250 patients with both acute appendicitis and an appendiceal tumor based on both histology and surgical finding (Fig. 1.) . Out of these, 102 (41%) patients had complicated acute appendicitis and 148 (59%) had uncomplicated acute appendicitis. The complicated acute appendicitis cases included 66 patients with a periappendiceal abscess and 36 perforated acute appendicitis cases. Out of the 66 patients with periappendiceal abscess, 29 patients underwent an interval appendectomy and 37 patients were operated on in an acute care setting. The appendiceal tumor risk was significantly higher in complicated acute appendicitis compared with uncomplicated acute appendicitis (3.24% vs. 0.87%, p < 0.001). The odds ratio (OR) for having an appendiceal tumor in complicated acute appendicitis was 3.83 (CI 95% 2.96-4.93). A separate subgroup analysis of tumor risk associated with periappendiceal abscess patients (n = 66) also showed a significantly higher tumor risk compared with uncomplicated acute appendicitis (4.99% vs. 0.87%, p < 0.001). The OR for having an appendiceal tumor in complicated acute appendicitis presenting as periappendicular abscess was 6.01 (CI 95% 4.47-8.08). These comparisons are presented in detail in Table 2 . The mean age of all acute appendicitis patients without a tumor in NIHW database was 37 years (SD ± 19.1), in uncomplicated acute appendicitis 35 years (SD ± 17.9) and in complicated acute appendicitis 44 years (SD ± 43.8).
In the whole patient cohort of 472 appendiceal tumor histology, 49% (n = 232) were NETs, 11% (n = 52) mixed adenoneuroendocrine carcinomas (MANEC) or goblet cell tumors, 14% (n = 65) mucinous tumors or pseudomyxomas, and 26% (n = 123) adenocarcinomas. In the whole patient population 49% of tumors were NETs, but in patients operated on for suspected acute appendicitis (group 1), the NET proportion was higher (61%). In group 1, 39% (109/276) of patients had a more malignant tumor histology other than NET. Of these 109 patients, 57% (n = 62) of the patients had complicated acute appendicitis, 35 patients had uncomplicated acute appendicitis, 11 patients had no inflammation of the appendix, and in 1 patient, the appendicitis could not be histologically determined. In group 1, 14% of patients (n = 34) did not have acute appendicitis at histology; 82% (n = 28) out of these tumors were NETs, 15% (n = 5) were adenocarcinomas, and 1 patient had pseudomyxoma. According to histology or surgical finding, 78% (42/54) of group 3 patients had a local lymph node metastasis or disseminated disease, whereas metastatic disease was present in 19% in group 1(51/276) and in 53% in group 2 (75/142).
Discussion
In this study, the overall appendiceal tumor prevalence of 1.24% among patients with acute appendicitis was low. Of all patients with both acute appendicitis and an appendiceal tumor, 41% (n = 102) were complicated and 59% (n = 148) were uncomplicated acute appendicitis cases. The risk of an appendiceal tumor was statistically significantly higher in patients with complicated acute appendicitis compared to uncomplicated acute appendicitis (3.24% vs. 0.87%). The risk was even higher in a subgroup analysis comparing complicated acute appendicitis presenting with periappendiceal abscess to uncomplicated acute appendicitis (4.99% vs. 0.87%).
Tumors of the appendix are incidental and rare. In many retrospective patient cohorts evaluating histopathology of the appendectomy specimens, the reported appendiceal tumor rate Group 1: appendiceal tumor was found at surgery for suspected acute appendicitis, group 2: at surgery done for other indications, group 3: at preoperative imaging CT computed tomography, MRI magnetic resonance imaging, HIPEC hyperthermic intraperitoneal chemotherapy, NET neuroendocrine tumor, MANEC mixed adeno-neuroendocrine carcinoma * No histology or surgical report available † Based on histological and surgical classification varies between 0.7-1.7% [29] [30] [31] .These retrospective patient series do not differentiate the two different forms of acute appendicitis. Tumor rate in the randomized APPAC trial [1] comparing appendectomy and antibiotic therapy in the treatment of uncomplicated acute appendicitis was 1.5% in accordance with large histopathological appendectomy series [31] . According to a systematic review [7] , the rate of malignant tumors diagnosed with acute appendicitis and an inflammatory mass was similar to tumor rates in uncomplicated acute appendicitis series [1] . However, contradictory alarming rates of appendiceal neoplasms have been reported in patients presenting with an appendiceal inflammatory mass varying from 10 to 29% [8] [9] [10] 12] . These results are in line with our study as the tumor risk for complicated acute appendicitis was significantly higher compared with patients with uncomplicated acute appendicitis. Tumor risk was even more prominent in patients with acute appendicitis presenting with periappendiceal abscess. According to two systematic reviews and meta-analysis [7, 32] , initial non-operative management of periappendiceal abscess patients is superior with decreased complication and reoperation rates compared with emergency appendectomy. There is still major controversy regarding the necessity of an interval appendectomy after successful nonoperative treatment of periappendicular abscess [7, 32] . However, there are some recent studies reporting significant rate of appendiceal neoplasms detected at interval appendectomy in patients with previous periappendiceal abscess, especially regarding patients over 40 years [8] [9] [10] 12] . These and our study results highlight the need for accurate differential diagnosis between uncomplicated and complicated acute appendicitis and consideration of interval appendectomy after initial nonoperative treatment of periappendiceal abscess.
Based on epidemiological studies [33] and accumulating data [1, 3] , we now know that uncomplicated and complicated acute appendicitis are two different diseases and this is also evident when evaluating appendiceal tumor incidence in acute appendicitis patient population [12] . Approximately 25% of acute appendicitis cases present as complicated acute appendicitis [33] . Increasing evidence from randomized trials suggests that the majority of patients with uncomplicated acute appendicitis can be treated safely with antibiotics with low tumor rates avoiding unnecessary surgery resulting in decreased morbidity and cost savings [1, 3, 6] . The markedly lower tumor rate associated with uncomplicated acute appendicitis is of vital clinical importance as non-operative management of uncomplicated appendicitis is one its way of becoming one of the treatment options for uncomplicated acute appendicitis [1, 3, 34] as the appendiceal tumors are not generally suspected preoperatively [30, 35] . This is in line with our results as none of the tumors in this study were suspected preoperatively in patients operated on for suspected acute appendicitis, and in only 11% of cases, the tumor was suspected macroscopically during operation.
Clinical identification of appendiceal tumor patients preoperatively seems to be very challenging, even though some risk factors have been identified, such as advanced age, multiple comorbidities, atypical presentation, and complicated appendicitis [13] . In a large retrospective patient cohort [30] , 80% of appendiceal tumors presented with a periappendicular abscess. The lack of preoperative diagnostic tools for detecting appendiceal tumors further emphasize the role of preoperative imaging, as the differential diagnosis between uncomplicated and complicated acute appendicitis is essential in both evaluating the treatment options, and also, regarding the tumor risk. Differential diagnosis between these two forms acute appendicitis without imaging is not feasible [35] . There is a need for determining CT criteria that could help reliably identify complicated acute appendicitis [4] and also incidental appendiceal neoplasms to ensure their surgical resection [36] . Several CT features suggestive of coexisting appendiceal tumor have been described, but frequently, the radiographic appearance is one of acute appendicitis [36] [37] [38] . Sensitivity of tumor diagnosis with CT increases with greater appendiceal diameter and with secondary tumor findings, i.e., metastasis, which [15] is in concurrence with this study as 11% of tumor patients had a preoperative diagnosis and 78% out of these had metastatic disease at presentation.
The pathological types and behavior of appendiceal tumors are diverse with both confusing classification and terminology. Recognizing the difference in the clinical presentation and the prognosis of primary appendiceal tumors is essential when evaluating risk of misdiagnosis among acute appendicitis patients. The World Health Organization (WHO) classifies appendiceal tumors in two main groups: NETs and appendiceal carcinomas. The overall survival rate is associated with the histologic subtype [39] . The appendiceal NETs belongs to a subgroup of neoplasms, where about 80% of diagnosis are incidental among patients treated due to acute appendicitis or appendectomy performed for other reasons [28] . NETs are the most common primary tumors of the appendix [17, 28] , and in most cases, prognosis is excellent [12] . The more malignant NETs are mixed, phenotype tumors include goblet cell tumors and MANECs reported to represent less than 5% of primary appendiceal tumors [19] . In this whole patient population, 49% of tumors were NETs. This proportion was higher (61%) in patients operated on for suspected acute appendicitis (group 1), and 39% (109/276) of patients in group 1 had a more malignant tumor histology other than NET. Of these 109 patients, 57% (n = 62) of the patients had complicated acute appendicitis further supporting the results of this population-based study and the higher tumor risk of complicated acute appendicitis compared with uncomplicated acute appendicitis. This study has several strengths. To our knowledge, this study is to date the most extensive comparison of appendiceal tumor risk between uncomplicated and complicated acute appendicitis patients. The use of population-based data enhances the generalizability of the findings compared to case reports from single institutions with a defined population. Another strong element of the study is the evaluation of the appendicitis' severity by combining appendectomy's finding with histology instead of solely relying on registry data. A limitation of this study is that we included only patients in eight study hospitals instead of the whole FCR registry data. However, our study hospitals include all university hospitals and largest central hospitals in Finland, thus representing the majority (70.1%) of both the Finnish population and also the registry data (60%) patient population. The minor discrepancy between the proportion of the tumors found at these eight hospitals and the proportion of the Finnish population in these hospital districts most likely has no impact on the study results as the FCR database is very reliable. There is no reason to expect that the excluded patients would differ significantly from those included in the study; the practical reason was based only on the feasibility of the patient medical record collection.
Conclusion
In conclusion, the prevalence of appendiceal tumor among patients with acute appendicitis was low. Tumor risk was significantly higher in complicated acute appendicitis, especially in patients with periappendicular abscess. However, with the very low incidence of appendiceal tumors associated with uncomplicated acute appendicitis, the risk of missing an appendiceal tumor related to non-operative antibiotic treatment of uncomplicated acute appendicitis is extremely low. 
